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ADSORPTION STUDY OF FRUCTOSYLTRANSFERASE
IMMOBILIZATION BY USING VARIOUS ADSORBENT
ABSTRACT
Immobilized enzyme are widely used in the industry because of its stability and
economic. Because of the high demand from the industry, the research is done in
order to enhance the quality of immobilized enzyme. This study discusses about the
adsorption in the enzyme immobilization process. The purposes of this study are to
find out the species of sawdust (Keruing, Meranti and Kempas) which have the
excellent adsorption capability, to investigate the effect of various initial enzyme
concentrations and the time required for the adsorption of adsorbate onto adsorbent
reach equilibrium. For the immobilization process, it was occurred in water bath
shaker for 26 h at room temperature and at pH 5.5. The enzyme activity was
analyzed by using DNS method. To determine the equilibrium time, the solutions
was being agitated in water bath shaker at 100 rpm and the samples were taken out at
a given time intervals for analyses (0-40 hours). The concentration of FTase was
analyzed by using UV-Vis Spectrometer. The effect of various initial enzyme
concentrations (0, 2, 4, 6, 8, 10, 12, and 14 g/L) in the adsorption process was
analyzed by using UV-Vis Spectrometer and employing Langmuir and Freundlich
models in order to find out the isotherm which fit with the data obtained.SEM and
FTIR was done to identify the structures of the untreated, treated sawdust and
immobilize enzyme. All the three adsorbents had achieved the equilibrium at time 25
to 30 hours and it is showed that Keruing adsorbent comes out with the highest
loading capacity (0.945g of FTase/L) due to the size of pores itself.  Enzyme
concentration residue increases after the addition of 6 g/L of FTase due to the
amount of enzyme were exceeds the amount of adsorbent. Freundlich isotherms
fitted the data while Keruing showed the highest capability of adsorption followed by
Meranti as adsorbent.
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KAJIAN TENTANG PENJERAPAN FRUCTOSYLTRANSFERASE ENZIM
TERPEGUN MENGGUNAKAN PELBAGAI JENIS BAHAN PENJERAP
ABSTRAK
Enzim terpegun digunakan secara meluas dalam industri kerana kestabilannya dan
harganya yang berpatutan.Kerana permintaan yang tinggi daripada industri,
penyelidikan dilakukan dalam usaha untuk meningkatkan kualiti enzim terpegun.
Kajian ini membincangkan tentang penjerapan dalam proses memegunkan enzim.
Tujuan kajian ini adalah untuk mengetahui spesies habuk kayu (Keruing, Meranti
dan Kempas) yang mempunyai keupayaan penjerapan yang tinggi, untuk mengkaji
kesan kepelbagaian kepekatan enzim pada permulaan proses dan masa yang
diperlukan untuk proses penjerapan mencapai tahap keseimbangan. Bagi proses
untuk memegunkan enzim, ia telah berlaku dalam mesin penggoncang selama 26 jam
pada suhu bilik dan pada pH 5.5. Aktiviti enzim telah dianalisis dengan
menggunakan kaedah DNS. Untuk menentukan masa keseimbangan, larutan sampel
digoncang dalam mesin penggoncang pada had laju 100 rpm dan sampel telah
diambil pada selang masa yang tertentu (0-40 jam) untuk analisis. Kepekatan FTase
dianalisis dengan menggunakan Spektrometer UV-Vis. Kesan kepelbagaian awal
kepekatan enzim (0, 2, 4, 6, 8, 10, 12, dan 14 g/L) dalam proses penjerapan telah
dianalisis dengan menggunakan Spektrometer UV-Vis dan menggunakan Langmuir
dan Freundlich model untuk mengetahui isoterma yang sesuai dengan data yang
diperolehi. Analisis dengan menggunakan SEM dan FTIR telah dilakukan untuk
mengenal pasti struktur habuk kayu yang tidak dirawat, habuk kayu yang dirawat dan
habuk kayu yang telah mengandungi enzim. Kesemua tiga jenis bahan penjerap telah
mencapai keseimbangan pada masa 25 hingga 30 jam dan ia menunjukkan bahawa
Keruing mempunyai kapasiti muatan tertinggi (0.945g FTase / L) dipercayai
berpunca daripada saiz liangnya yang besar. Kepekatan sisa enzim meningkat selepas
penambahan FTase sebanyak 6 g/L, disebabkan jumlah enzim telah melebihi jumlah
bahan penjerap. Model Freundlich menunjukkan kesesuaian pada data manakala
Keruing menunjukkan keupayaan penjerapan tertinggi diikuti oleh bahan penjerap
Meranti.
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1CHAPTER 1
INTRODUCTION
1.1 Background of Study
Enzymes are biological catalysts that increase the rate of chemical reactions
taking place within living cells by lowering the activation energy. Nowadays,
immobilization of enzyme is undertaken either for the purpose of basic research or
for use in technical processes of commercial interests. Immobilised enzyme has a
high potential as a catalyst in chemical processes in a wide range of industries and
medicine. They offer more advantages over the classical catalyst due to their
specificity, high catalytic efficiency at low temperatures and, being biodegradable,
present fewer disposable problems (Bullock, 1995) as cited in ( Vujcic et al.,2011).
There are three techniques in enzyme immobilization which are carrier binding,
cross-linking and entrapment. In this study, the technique use is carrier binding
which one of it is adsorption.
2Adsorption is a process where one or more components of a gas or liquid
stream are adsorbed on the surface of a solid adsorbent and a separation is
accomplished (Geankoplis., 2003). Compared to another techniques such as cross
linking, adsorption method are simple and cheap. It is also not change the active site
of the enzyme. While, the cross linking method may cause significant changes in the
active site of the enzyme (Goel, 1994).
In this study, the adsorbent used are Keruing, Meranti and Kempas. This
three species of hardwood are very famous in furniture manufacturing because of
high demand from customer. Since it gets a very high demand from the customer,
there are many sawdust wastes from these types of wood. From this study, the waste
from this species of wood can be reuse in another industry and it is one of the new
finding, which can help to reduce the material cost in industry.
Fructosyltransferase (FTase) is an enzyme used in this study and also known
as adsorbate. Immobilized enzyme is used because from the previous studies, it
shows that compared to the free enzyme, the immobilized enzyme form revealed a
higher optimal reaction temperature, low activation energy, higher Km (Michaelis
constant) and lowers Vmax (maximal reaction rate) (Faten et al., 2009).
1.2 Problem Statement
Sawdust from the hardwood trees as such Keruing, Meranti and Kempas which
have a high demand in forestry industry. Since it gets a high demand from the
customer, there are many sawdust wastes from these types of woods. This waste can
be use as adsorbent and can be marketable.
3Nowadays, there are some researchers who did the study about
immobilization process by using sawdust but there is nobody has study about the
capability of this new adsorbent in terms of equilibrium time and adsorption isotherm
mainly from these three types of hardwoods.
In other words, there is lack of research been done about these types of
adsorbents. There is no previous study prove that this species of adsorbent have an
adsorption capability and which species of hardwood have the most excellent
adsorption capability.
1.3 Research Objectives
This study is carried out:
(a)  To investigate the species of sawdust that has the most excellent adsorption
capability.
(b)  To find out the effect of various initial enzyme concentration on the adsorption
process.
(c)  To obtain the time required for the adsorption of FTase reach equilibrium.
41.4 Scope of Study
Absorbent is very important in the adsorption process especially in the enzyme
immobilization in order to maintain the stability of enzyme and to ensure that the
enzyme can be reused for many times. So that, the scope of this study is to find:
i. The species of sawdust adsorbent are collected from Seng Peng Sawmill,
Gambang (Keruing, Meranti and Kempas which sieving to get the size
0.4μm-0.63μm) where has the most excellent adsorption capability when
incubate in 30 0C for 26 hours.
ii. The effect of various initial enzyme concentrations (2, 4, 6, 8, 10, 12, and
14 g/L) in the adsorption process by using UV-Vis Spectrophotometer
and employing Langmuir and Freundlich models.
iii. The equilibrium time (0-40h)  for the sawdust and enzyme achieved as it
is complete the reactions and UV-Vis Spectrophotometer will be used to
analyze the concentrations of FTase at a given time intervals.
1.5 Significance of The Proposed Study
This study is conducted in order to find out the species of sawdust adsorbent
whether from Keruing, Kempas, or Meranti, which have the higher capability of
adsorption. It is also conducted to investigate the effect of various initial enzyme
concentrations, which shows the capability of the sawdust in the adsorption, the
5equilibrium times achieved by the reaction between adsorbent and adsorbate, and the
enzyme activities.
From the theory, the molecular size of adsorbate and the size of micropore of
adsorbent play an important role in the adsorption process. In the previous study, the
adsorption capability is higher when the adsorbate is small in molecular size react
with the larger micropore region of adsorbent (Zhang et al., 2006). This theory can
be use for the further study.
This study is conducted in order to find out the species of sawdust that have
an excellent adsorption capability for the immobilization of FTase. The finding from
this study hopefully will be useful for the industrial purpose since most of the
adsorbent used in the industry nowadays are very expensive (Hamdaoui, 2006). This
raw material can help the industries to minimize their operation cost and contribute
to the environment safety since it is waste from nature and not contains any
chemicals. In addition, from this finding, the waste problem in the forestry industry
can be solving by use it as adsorbent in the adsorption process. Furthermore, the
problem in the adsorption process also can be solves.
6CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
Sawdust or also known as wood dust is a by-product or waste, a
lignocellulosic material (Rafiqul et al., 2011), come from cutting, grinding, sanding,
or otherwise pulverizing wood with a saw or other tool. It is composed of fine
particles of wood. In this study, the sawdust from hardwood trees was used. Keruing,
Meranti and Kempas are the types of hardwood which have a very high demand in
furniture industry in Malaysia. Since it is marketable, large quantities of the sawdust
from these species was produced throughout the year. It causes serious economical
disposal problems to the wood industries. Some of researchers had tried to overcome
this problem by using this waste as a raw material to produce xylose solution. The
wood sawdust biomass contains cellulose, hemicelluloses and lignin as the major of
biopolymers (Santos et al., 2011).
7Figure 2.1 Meranti wood sawdust
2.1.1 The Application of Sawdust (Lignocellulosic Material)
Recently, biodegradable and eco-friendly wastes were used as a raw material
for the production of certain products or for the other usage in the industry. The
lignocellulosic waste materials residue can produce valuable product since it is
renewable, easy to get, and cheap sources of raw material in nature. It is also one of
the way for reducing the generated of waste (Bozlur et al., 2010). Currently, sawdust
was widely used in the production of activated carbon and also for the production of
xylose.
8(a) Production of Activated Carbon from Lignocellulosic Material
Activated carbon is one of the most important microporous adsorbents due to
its large adsorptive capacity, ability to adsorb variety of dissolved organic, and
ability to be costume specific application (Ismadji et al., 2005). The most commonly
used raw materials are coal (anthracite, bituminous and lignite), coconut shells, wood
(both soft and hard), peat and petroleum based residue. Wood and peat based carbons
are mostly meso/macropore structures and are, therefore, usually suitable for the
adsorption of large molecular species.  Such properties are used to advantage in
decolourization processes (Cameron Carbon Incorporated, 2006).  Mostly, the
activated carbon was used in the waste water treatment, water purification, gas
purification, desulphurization and mercury removal (Lam et al., 2008).
Scientist and researchers have been working on synthesis of activated carbon
from agricultural waste materials for removal of dyes from the solution.
Pandharipande et al., (2012) was done the research about the ability of raw material
which are rice husk, sugarcane baggase and sawdust for removal of methylene blue
from aqueous solution and removal of potassium dichromate from aqueous solution.
All of these raw materials were undergo thermal and chemical treatment for the
preparation as adsorbent. Rice Husk Activated carbon (RHAC), Saw Dust Activated
carbon (SDAC) & Sugarcane Baggasse Activated carbon (SBAC) have different
surface area and porous structures which make them differ in ability of removal
heavy metal above. From the Pandharipande et al., (2012) study, it showed that,
SDAC and RHAC were more suitable for removal of potassium dichromate from
aqueous solution. While for the removal of methylene blue from aqueous solution,
SDAC and SBAC were more suitable than RHAC. In conclusion, the structure of
9activated carbon sawdust is suitable for the adsorption of large molecular species and
this advantage give the ability for SDAC to be used in the decolourization process
and heavy metal removal. However, the highly cost of lignocellulosic material pre-
treatment must be carried out before it can be used as activated carbon (adsorbent).
(b) Production of Xylose from Wood Sawdust (Lignocellulosic Material)
Wood sawdust biomass contains cellulose, hemicellulose and lignin as the
major biopolymers. Hemicellulose is the easiest component to be converted. Xylose
was produced from the hydrolysis of hemicellulosic fraction of lignocellulosic
material. The hemicelluloses fraction of lignosellulosic material generally
hydrolyzed by an acidic process, autohydrolysis or enzymatic process (Rafiqul et al.,
2011). On hydrolysis, cellulose yield glucose and the non-cellulosic polysaccharides
yields xylose, mannose, galactose and arabinose (Mussato et al., 2006). Further,
xylose was used to produce xylitol which is sweetener in chewing gum and pastilles.
In oreder to produce this specialty chemical, the high technology of pre-treatment
and enzymatic reaction is needed to be performed; therefore this application of
sawdust is costly and complicated.
Other than its application in the production of activated carbon and xylose,
sawdust also can be used as an adsorbent in the immobilization of enzyme. It was
proved by Mahmoud (2007) where he was used sawdust as an adsorbent to
immobilize invertase enzyme. From his study, he found that immobilize invertase
more stable at high pH and temperature and sawdust was a good adsorbent.
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2.2 Fructosyltransferase (Ftase).
Fructosyltransferase (FTase) is an enzyme transforming sucrose into
fructooligosaccharides (FOS). FOS have a great potential to improve the quality of
many foods because they have functional properties, low caloric value, are not
carcinogenic, and can be used for diabetic people (Mussato et al., 2009). Since this
product is marketable, many researchers try to find out the solution for the
production of this product which can help the industries to minimize their cost. As
cited in Antosova et al., (2007), Yun (1996) stated that, Ftase can be found in many
higher plants and microorganisms, but than, the most important industrial sources are
strains of Aspergillus niger, Aspergillus japonicas, and Auriobasidium pullulans.
Sunjay and Sugunan (2006) found the optimum pH and temperature for Ftase
activity are at pH 6 and 60 0C respectively, while Tanriseven & Aslan (2005), stated
that the optimum pH and temperature for Ftase activity are at 5.5-6.5 and  650C
respectively. A higher purity and speciﬁc activity of the puriﬁed FTase preparation
could be advantageous not only for laboratory scale experimentation but higher
immobilization efficiency and volumetric activity of immobilized biocatalyst could
be achieved as well. In this study, Ftase was used as an adsorbate which immobilize
into sawdust (adsorbent).
